From birth, infants are capable of discriminating many speech sounds, but by the age of 12-months, they have difficulty discriminating those contrasts that are not part of their native language (Werker & Tees, 1984; Tsao, Liu & Kuhl, 2004) . Some contrasts, however, are more discriminable than others depending on the order in which they are presented. For example, in a study by Polka & Werker (1994) English infants of 6-8 and 10-12 months were tested with the German contrasts /u/ -/y/ and /ʊ/ -/ʏ/. They found that a key factor influencing discrimination performance was which member of the contrastive pair was presented first. English infants of both age groups performed better if the change went from /y/ to /u/ and from /ʏ/ to /ʊ/ (instead of /u/ to /y/ and /ʊ/ to /ʏ/). This was reportedly due to the location of vowels in the perceptual space. Discrimination seems to be easier if vowels at the further edge of the acoustic/articulatory space followed vowels that were more central (Polka & Bohn, 2003) . Furthermore, these perceptual asymmetries extend to infant discrimination of other native and non-native contrasts (Polka & Bohn, 2011) . To account for these asymmetries in discrimination, Bohn (2003, 2011) propose the Natural Referent Vowel (NRV) hypothesis, which states that location of vowels in the perceptual space affect discrimination. If vowels at the periphery of the space are followed by more central vowels, then discrimination seems to be easier than if the direction of presentation was the other way around (Polka & Bohn, 2003 .
Frequency of occurrence may also influence asymmetrical discrimination for vowels. Spanish and Catalan 4-, 6-and 12-month olds show that prior to perceptual reorganization (4 and 6 months), discrimination asymmetries arise for the contrast /i/ and /e/ (Pons, Albereda-Castellot and Sebastián-Galles, in press) supporting the NRV (Polka & Bohn, 2003 . However, by 12-months, both Spanish and Catalan infants show asymmetries that which are affected by the statistical frequency of vowels in their respective languages and the acoustics have less effect on the direction of discrimination. That is, the perceptual asymmetry remains, but now in older infants it appears to be influenced by the frequency of these individual vowels in the infant's ambient language.
What is still unknown is whether there is dissimilarity among infant perception of consonants and if so what are the underlying factors. In the case of singleton consonants, 2-month-old infants discriminate /ba/ from /ga/ (Morse, 1972) and /ba/ from /pa/ (Eimas, Siqueland, Jusczyk, & Vigorito, 1971) , suggesting that native contrasts are equally discriminable very early in development at least in word-initial position. More recently, Kuhl, Stevens, Hayashi, Deguchi, Kiritani & Iverson (2006) found directional asymmetry in a discrimination of the English /l/ -/r/ contrast. At both 6-8 months and 10-12 months both Japanese and English infants discriminated a /la/ to /ra/ change more easily than /ra/ to /la/ change. The authors hypothesized that acoustic factors related to formant transitions might underlie this asymmetry. In the case of consonant clusters, recent work suggests that English infants of 6-and 9-months discriminate legal stop-liquid clusters (such as /pla/ and /kla/) from an illegal one (/tla/) (Archer & Curtin, 2011) . The focus of this study, however, was whether frequency influenced processing of legal versus illegal clusters, not on place perception per se.
Archer & Curtin (under revision) found that 6-and 9-month olds discriminated syllable pairs with initial stop -/l/ clusters when the initial stops were bilabial and coronal (e.g., /bla/ -/dla/ and /pla/ -/tla/) but not when the initial stops were velar and coronal (e.g., /gla/ -/dla/ and /kla/ -/tla/). Directional asymmetries were not examined in this study. While no significant trial by place interaction was observed in Archer & Curtin (2011) , a pattern was detected and investigated further in Archer & Curtin (under revision) . This study found that 6-and 9-month olds exhibited different discrimination patterns for bilabial and velar stop -/l/ clusters but not for voiced versus voiceless clusters. Overall, infants successfully discriminated bilabial and coronal stop -/l/ clusters regardless of voicing (p <.05). However, they did not discriminate voiced and voiceless velar and coronal stop -/l/ clusters. Analysis of adult productions revealed that velar stop -/l/ onsets (/gl/, /kl/) are more variable in their productions, suggesting acoustic variability affects infants' perception. Other findings in the literature suggest that velar stops are subject to acoustic variability ( Van der Feest, Fennell & Spring, 2010) or that the stop-liquid clusters /gl/ and /dl/ are acoustically similar (Flemming, 2007) and that the /gl/-/dl/ contrast is difficult for adults to perceive (Halle, Segui, Frouenfelder & Meunier, 1998; Halle & Best, 2007) .
The goal of the present study is further explore the role of acoustics by comparing monolingual French and monolingual English learning 9-month-old infants' discrimination of stop-/l/ initial clusters. Nine-month-olds show sensitivity to native-language phonotactics (Jusczyk et al., 1993; Jusczyk et al., 1994; Friederici & Wessels, 1993) and they are in the process of establishing native-language consonant categories (Werker & Tees, 1984; Pons et al, 2012) . It is informative to compare French and English infants because these two languages share some common phonotactics patterns (e.g., stop -/l/ clusters, like /bl/ and gl/, are legal in both languages and /tl/ and /dl/ are not legal in either). However, within these shared clusters, there are phonetic differences between French and English with respect to the place of articulation of the initial stops. French /d/ is coronal with has a dental place of articulation making it more acoustically similar to French /b/ in comparison to the alveolar /d/ and bilabial /b/ of English.
English productions of /dla/, /bla/, /gla/ syllables were used to test two groups of French 9-month-olds' discrimination of two syllables pairs: /bla/ vs /dla/ and /gla/ vs /dla/. In Archer & Curtin (under review), English infants discriminated the labial-coronal cluster contrast more easily than the velar-coronal cluster contrast. By testing French infants on these same syllable pairs we can determine whether in infants in both language groups show a similar pattern related to the place features being contrasted. We also vary the direction in which the syllables are presented to determine whether there are reliable directional asymmetries associated with these syllables. If acoustic factors, related to the similarity of contrasting place cues in theses syllable pairs, have a strong influence on infant perception, we expect to find the same pattern for French and English infants. However, if prior experience with specific phonetic patterns is relevant, then French infants may show a different pattern due to their limited experience hearing stops produced with alveolar place (English /d/).
In the larger scope of this study, we will test two groups of 9-month olds (French and English) using two types of stimuli (French and English). The findings will help to elucidate the role of language experience and acoustic distinctiveness in infant consonant perception. Here, we present our findings from the French learning infants exposed to clusters produced in English.
Experiment 1
We tested 9-month old French infants' discrimination of both voiced labial and coronal stop -/l/ onset clusters (i.e., /bl/ and /dl/) and voiced velar and coronal stop -/l/ onset clusters (i.e., /gl/ and /dl/). Using a different task than Archer & Curtin (under revision) permits us to test discrimination, preference and effects of familiarization syllable (directional asymmetry). Two groups of infants were tested: one with /bla/ vs /dla/ syllable and one with /gla/ vs dla/ syllables.
Methods

Subjects
Twenty 9-month old infants (M age = 9.69, SD: .213) from monolingual French speaking homes (i.e., 75% or greater exposure to French) were tested. Ten were tested on discrimination of /bla/ and /dla/ syllables (labial-coronal Group) and ten were tested on discrimination of the of /gla/ and /dla/ syllables (velar-coronal Group).
Procedure
The syllables were recorded by a female native speaker of English. We used the test protocol described in Yeung, Heng, Chen & Werker (2012) , which is a modified version of Best and Jones (1998) variation of the Sequential Looking Preference procedure (Cooper & Aslin, 1994) . Stimuli were presented using Habit X 1.0 (Cohen, Atkinson & Chaput, 2004) . The experiment began with a silent, visual attention-getter to engage the infant. Once engaged, two 18-second familiarization trials were presented to the infant, each with an unbounded image of a field of flowers as a visual stimulus. Familiarization trials were comprised of 16 tokens of a particular syllable (e.g., bla or dla). The test phase, consisting of 10 trials, followed immediately after the familiarization. The first two trials tested for preference using familiar (i.e., identical to familiarization) and novel (i.e., contrasting syllable) trials. Directly following were 8 more trials: 4 nonalternating and 4 alternating. Nonalternating trials consisted of 16 identical tokens (e.g., bla, bla, bla, bla, bla, bla, bla, bla, ...) and alternating trails consisted of alternating blocks of 4 tokens of one syllable and 4 of the contrasting syllable (e.g., bla, bla, bla, bla, dla, dla, dla, dla, …) . If infants discriminate the contrasting onset clusters, alternating trials should be more interesting and therefore yield more attention (i.e., looking time).
Results
Preliminary results for the labial-coronal Group show shorter looking times for nonalternating trials (M nonalternating = 8.51, SE = .648) than alternating trials (M alternating = 9.98; SE = .702); this pattern suggests that French infants successfully discriminate the onset clusters /bl/ and /dl/ produced by an English speaker in this task. The velar-coronal Group (n = 10) shows a smaller difference in looking times for nonalternating trials (M nonalternating = 6.93, SE = .658) and alternating trials (M alternating = 7.27, SE = .830). These preliminary descriptive results suggest that French 9-month-olds are more successful in discriminating the /bla/ and /dla/ syllables than the /gla/ and /dla/ syllables (see Figure 1 ). This pattern conforms to our earlier results when English infants were tested on these syllables using a different procedure (Archer & Curtin, under revision) . With respect to direction effects and preference, sample sizes are too small to evaluate but will be analyzed as data collection progresses. FIGURE 1. Preliminary means of nonalternating and alternating trials for labial-coronal Group (n = 10) and velar-coronal Group (n = 10). Error bars represent standard error.
Our preliminary findings suggest that discrimination performance is affected by place-of-articulation. The current findings were obtained with French-learning infants using English productions of the onset clusters contained in the syllables. Thus the coronal (alveolar) stops in these /dla/ syllables do not match the phonetic properties of French, which has coronal (dental) stops. It is not yet clear whether this place difference impacts discrimination performance. Previous research suggests that French /b/ and /d/ are acoustically more similar than English /b/ and /d/ due to place differences between English /d/ (alveolar place) and French /d/ (dental place) (Werker & Lalonde, 1988) . We are currently testing monolingual English 9-month olds with these English produced syllables using the same test procedure to determine whether we obtain the same pattern when the phonetic details of the syllables more closely match units in the infant's ambient language. Our next set of experiments in this study will compare English and French infants' discrimination of the same onset clusters (/bl/, /gl/, and /dl/) as produced by a French speaker. If French and English infants show the same discrimination profiles when discriminating French /bl/ vs /dl/ and /gl/ vs /dl/, this would lend further support to the claim that perceptual difficulties related to place-of-articulation are likely due to acoustic factors outside of language experience. The findings of this study add to growing literature on the role of acoustic salience in the processing of speech sounds. Our results support the emerging notion that some contrasts might be more difficult to perceive than others and that additional support for learning some sound categories might be required.
